present a complex challenge to the clinician. A comprehensive review of all aspects of vision care in multiply handicapped children is too diverse to address in a single review. This review will focus on the techniques which have been developed for visual acuity assessment in this challenging population. Conventional acuity tests are often impractical and unsuccessful for achieving a reliable measurement of visual acuity in multiply handicapped children.' Two visual acuity assessment techniques have gained wide acceptance for testing these children, preferential looking (PL) and visual evoked potentials (VEPs) . The success rates of completion of these procedures and acuity estimates achieved are compared and discussed.
Multiply handicapped children have a high incidence of nearly all types of disorders affecting the visual system including refractive errors, strabismus, nystagmus, cataract, optic atrophy, optic nerve hypoplasia, defects of the visual field, and cortical blindness.2-9 Reported prevalence of visual disorders for different groups of handicapped children is summarised in Table 1 . Prevalence for each condition varies widely as studies are based on different populations of handicapped children and different criteria were used to establish the diagnoses. These conditions are not mutually exclusive -for example, 80-86% of children with cerebral palsy have one or more of the above visual disorders.9 10 57 .5%50 and 100%,51 with the majority of studies reporting success rates over 70% (see Table 2 ). Thresholds are commonly expressed either as grating acuity estimates (cycles/degree) or as octave loss compared with age-matched normals (see Appendix) . These thresholds are preferred to Snellen equivalents as letter recognition thresholds may be lower than grating thresholds in some groups.59 Monocular testing has been attempted in two studies, on a group of children with Down's syndrome45 and a mixed group of children who were also capable of reading the Snellen chart50; both groups were classed as being mildly intellectually impaired. The majority of studies probably favour binocular testing because of lack of cooperation when an eye is occluded, and the limited value of knowledge of monocular acuities for functional management of the child.
Repeatability is an important variable to ensure the reliability of a technique. Studies which have retested children using acuity cards have reported good repeatability.32 49 Although all children with cerebral palsy have a motor deficit associated with a static defect or lesion of the brain, this group is extremely heterogeneous.52 Physical impairment may be associated with severe intellectual impairment but some children may have a high IQ.60 Similarly, a very large range of visual acuities are reported for this group.45 4648 However, the age ranges of the children examined are also large (22 months-7 years45). Thus, no general conclusion can be drawn about the level of visual acuity in cerebral palsy. Hertz and Rosenberg studied children with cerebral palsy in more detail and reported poorer visual acuity in those with more severe physical and intellectual impairment (6-9-0-3 cycles/degree).53
The PL technique has been established as a valid method of visual acuity assessment of multiply handicapped children, enabling an acuity threshold to be achieved in previously 'untestable' children. However, PL acuity assessment should always be interpreted within the limitations of the testing procedure. In these populations there is a high prevalence of oculomotor disorders and visual field defects.3-5 9 PL acuity estimates can be adversely affected by abnormal eye movements and strabismus which make looking behaviour difficult to assess. The presence of a hemianopic field defect, which is a common finding, can also be a factor as PL stimuli are presented off the visual axis and the stimulus area is relatively small. Presenting the stimulus cards vertically facilitates testing of children with dysfunctional horizontal eye movements and/or hemianopic field defects.32 53 Most importantly, the absence of a response to the stimulus may be due to non-visual factors and does not necessarily indicate absence of visual function. An inability to control eye movements sufficiently to produce a looking response, an inability to convert visual input to motor output, and withdrawn behaviour can all produce a negative PL response. These factors may act in a general way or may play an increasing role as the stimulus approaches threshold.61
Visual evoked potentials TESTING PROCEDURES
The visual evoked potential (VEP) is a bioelectrical signal generated in the visual cortex of the brain in response to visual stimulation. The stimulus can be either a repeating flash of light (flash VEP); a pattern which is presented repetitively from a luminance matched grey background (pattern onset VEP); or a phase alternated pattern (pattern reversal VEP 77 and close agreement with acuity cards (within 1 octave in 66% of cases)2 and optotype acuities.77 However, the sweep VEP acuity estimates tend to be higher than those obtained with other acuity tests.
VEPs provide reliable estimates of visual acuity in children without neurological deficits. In multiply handicapped children, nystagmus, central scotomas and poor fixation are prevalent. These conditions are known to impair VEP quality, making acuity assessment difficult and leading to conservative estimates of acuity.75 78 Artefacts from muscle spasticity and/or high background levels of the electroencephalogram can also degrade the VEP. The accuracy and the degree of confidence with which VEPs may be used to estimate acuity in multiply handicapped children is difficult to evaluate from the small number of studies available. However, success rates for completion of the test procedures are high even in the severely and profoundly handicapped children who are generally visually unresponsive.58 74 This is certainly their main advantage, and with further research and improvement of testing procedures the accuracy of recordings may well improve.
COMPARISON OF PL AND VEP
In the studies discussed above, VEP acuities determined with pattern onset and pattern reversal stimuli are lower than PL acuities,39 54 58 and acuities determined with sweep VEP stimuli are higher.2 77 Inherent differences in the stimulus presentation and scoring procedures of PL and VEP techniques may produce this disparity. One consideration is the different temporal properties of the stimuli used in PL (stationary) and VEP (contrast reversal) paradigms. Comparisons of PL and VEP techniques on normal infants with identical phase alternating gratings by Sokol et al showed better agreement between the thresholds achieved, but the VEP acuity was higher than PL acuity.72 In contrast, Dobson et al report no difference between PL acuities measured with stationary and phase alternating checkerboards.79 As the majority of the studies reviewed here reported lower VEP acuities than PL acuities stimulus motion is probably not a factor. The higher sweep VEP acuities reported probably arise primarily from the more generous method of scoring employed with sweep VEPs.
Comparison of PL and VEPs is further complicated in multiply handicapped children. The various visual conditions which are common in these children may adversely affect the PL and VEP thresholds to a greater or lesser extent. More contamination of the VEP response would lead to more conservative acuity estimates. Another factor is the more complex level of cortical processing required by the PL response compared with the VEP. While both tests examine the integrity of the visual pathway from retina to the visual cortex, a looking response also involves association and motor cortices. This may lead to lower PL acuity estimates than VEP estimates. RELATED 
STUDIES
VEPs have been used to investigate visual function of multiply handicapped children without specifically addressing visual acuity. While the concern of this paper is visual acuity assessment, this work merits a brief discussion.
Cortical visual impairment (CVI), a visual deficit which is not explained by defects in the eye of anterior visual pathways, is common in multiply handicapped children. Visual field defects are also thought to reduce the OKN response as the affected patients have less visual stimuli to pursue: one study reported visual field defects in 60% of the subjects but these defects were not classified. 93 The relation between visual function and OKN is complex in children with neurological disorders. It may be misleading to use OKN as a visual acuity test but it is a very useful indicator of brainstem visual function.
Conclusion
Both PL and VEP techniques provide quantitative measures of visual acuity and are likely to be successfully completed by multiply handicapped children. In the past, clinical judgment of visual acuity for many of these children relied only on a qualitative evaluation of visual behaviour. PL and VEP techniques have been adopted in many specialist centres and are often available in routine clinical practice. The acuity card procedure for measuring PL acuity is particularly accessible as it is easy to learn and to administer.
Some important considerations should be made when interpreting PL or VEP acuities from an individual patient. The first is the reliability of the measurement. Where intrasession reliability has been evaluated, results in most handicapped children are reproduced within 1 octave.32 51 53 However, like most other clinical assessments, reliability is reduced among the severely and profoundly handicapped. Since variable attentiveness, poor fixation, motor handicap, and oculomotor abnormalities contribute to poor reliability, a single acuity measurement may be reliable only to within 2 or 3 octaves when these factors are present.
Secondly, the visual stimuli for VEP and PL acuity require pattern resolution whereas conventional visual acuity is a letter recognition task. In a normal adult visual system, the thresholds for pattern resolution (also called grating acuity) and letter recognition at the fovea are equivalent, and there is a temptation to convert pattern resolution visual acuity to familiar Snellen visual acuity units (see Appendix). However, different neural substrates are involved in pattern resolution and letter recognition so that these thresholds can be very different -for example, in amblyopia or in the normal peripheral retina. 97 Pattern resolution is necessary to enable recognition but it is certainly not sufficient to assume that recognition would occur particularly in the handicapped population where perceptual dysfunction is common. 96 In many situations, a handicapped child is assessed to determine how well he or she can 'see'. Seeing implies resolution, recognition, and conscious perception but the techniques reviewed here measure resolution only. VEP acuity is a measure of the ability of the visual system to resolve and transmit information about a particular pattern size to the level of the visual cortex. PL acuity demonstrates these functions as well as the ability to attend and make a motor response. Poor pattern resolution acuity gives a poor prognosis for recognition acuity but good pattern resolution acuity does not necessarily indicate a good prognosis for recognition. There are currently no quantitative techniques for measurement of recognition acuity or perception in children who are unable to complete letter matching tasks. A clinical judgment of these functions must be made before making recommendations for social services support or educational intervention.98
The present literature is adequate to support the use of PL and VEP visual acuity techniques to assess the acuity of multiply handicapped children. The techniques give complementary information and completion of both allows a more informed assessment of resolution visual acuity. Future studies are needed to improve interpretation when specific adverse conditions, such as oculomotor dysfunction or visual field defects are concurrent. In addition, the association between specific aetiological factors and expected visual acuity needs elucidation.
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